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(57) Abstract 



Position infomiation regarding a mobile station is determined and provided upon request. In one situation, mobile station position is 
detemiined in response to a request from another mobile subscriber (10. 40) and displayed (226) on the requesting mobile station display. 
Mobile station position is also determined in response to a request from a land line user (70) and provided through either a synthesized voice 
communication (233). a data message (225) or a facsimile message (237). Mobile station positicMis are further provided in response to law' 
enforcement (320) and other public service entity (422) requests. This infomnation is useful in tracking a mobile station (312. 412) either 
during a call or when the mc^ile station is idle. In another instance mobile station location information Is used to insure routing (434) of 
emergency (911) calls (424) to the proper public safety answering point (422). The system further has the capability of being programmed 
with certain response criteria applicable to the determination of mobile station position. Such criteria include accuiacies. confidence factors, 
periods between location reports, and location detemiination technique. 
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METHOD AND APPARATUS FOR COMMUNICATING 
INFORMATION ON MOBILE STATION POSITION 
WITHIN A CELLULAR TELEPHONE NETWORK 

5 BACKGROUND OF THE INVENTION 

Technical Field of tihg Invent-. ir>n 

The present invention relates to locating the 
geographic position of a mobile station operating within 
a cellular telephone network and, in particular, to the 

10 provision of the determined geographic position 
information in response to requests from, for example, 
other subscribers and public service agencies, and further 
to the use of mobile station location information to 
direct the routing of emergency cellular telephone calls 

15 and the. rendering of emergency assistance. 
Description of Related Art 

Cellular telephone networks typically include a 
plurality of base stations connected to a centrally- 
located switch commonly referred to as a mobile switching 

20 center. Base stations may be spaced apart from each other 

by distances of between one-half and twenty kilometers. 
Each base station is assigned a number of two-way voice 
channels and control channels. The voice channels are 
used to transmit voice signals to and from proximately 

25 located mobile stations- The control channels are used 

for the transmission of control information to and from 
those mobile stations, usually for the purpose of 
establishing a voice communications link. 

The control channels used for transmissions from a 

30 . base station to a mobile station are called the "forward" 
control channels. The forward control channel is 
generally a common channel, which means that any mobile 
station may access the channel and listen for messages 
transmitted by the base station. Conversely, the control 

35 channels used for transmissions from the mobile station 

to the base station are referred to as "reverse" control 
channels. The reverse control channels may be common, in 
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which case there may be contention for access, or may be 
dedicated, which means that they are reserved or assigned 
for the use of a single mobile station in making a 
transmission to a base station. 

Cellular telephone networks typically include a 
plurality of interconnected mobile switching centers, 
including a gateway mobile switching center through which 
the network interconnects with the conventional public 
switched telephone network. At least one home location 
register is included within a cellular telephone network. 
The home location register is used to store subscriber 
information including an identification of current mobile 
station location within the network. 

In response to an incoming call dialed to a given 
15 mobile station, a signal is sent to the home location 

register requesting routing information through the 
network to the called mobile station. The home location 
register looks up the current location of the mobile 
station and contacts the currently serving mobile 
switching center to pre-route the call and retrieve a 
temporarily location directory number which is used to 
route the call through the network for delivery to the 
mobile station. The serving mobile switching center 
retrieves from a visitor location register an 
25 identification of the cell within which the called mobile 

station is currently located. The mobile switching center 
then instructs the base station associated, with that cell 
to page the mobile station. Responding to the page, the 
mobile station requests assignment of a channel, and the 
30 network routes the call through the serving mobile 

switching center and over the assigned channel. 

Conventional cellular telephone technology, by 
itself, does not include the capability of pinpointing, 
with any reasonable or useful degree of accuracy, the 
35 location of the mobile subscriber. For example, using a 

conventional cellular telephone network, the extent of 
the location precision typically available is to identify 
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the cell within which a mobile station is located. Some 
cells, though, have a coverage radius in excess of one 
kilometer. Thus, cell location identification accordingly 
provides little, if any, assistance in actually locating 
5 the position of the subscriber. Accordingly, a number of 
systems have been proposed to assist in the location 
determination and provide more accurate position 
information . One system utilizes a triangulat ion or 
arcuation process to determine an approximate location of 

10 the caller through an analysis of signal strength 
measurements and/or propagation delay times of the 
cellular communications. Another system utilizes the 
existing Global Positioning System (GPS) with a GPS 
receiver attached to the cellular telephone to obtain geo- 

15 coordinates for the mobile station. 

Although many systems have been proposed for more 
precisely identifying the location of a mobile station, 
it is equally important that the determined position 
information be provided to the persons or entities who 

20 need the information. Take first, for example, the 
cellular subscriber himself. It is not unusual for the 
subscriber to get lost and realize that they need to know 
their precise location in order to obtain directions. 
Absent the presence of landmarks or other location indicia 

25 (like street signs) , the subscriber has no way of 

identifying their location without asking for help. In 
certain situations, like in rural areas, such help may not 
be available. It would be an advantage then if the 
cellular subscriber could use his or her mobile station 

30 to signal the cellular telephone network to make a 
position determination and relay that information to the 
subscriber for subsequent use in calling for directions. 

In another example, consider the person who desires 
to know the location of a cellular subscribing family 

35 member or friend. The family member or friend may be late 
for an appointment and the person becomes concerned that 
they may be lost, injured or otherwise in need of 
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aasistance. Alternatively, the person may suspect that 
the family member is engaging in an undesirable activity 
and wish to monitor their location. In any case, it would 
be an advantage if that person could signal the cellular 
telephone network to make a position determination on a 
particular mobile station and relay that information back 
to the person for evaluation. 

m yet another example, consider the situation where 
a law enforcement agency desires to know the location of 
either a mobile station or the person using the mobile 
station. Thus, for a mobile station located in a stolen 
vehicle, the law enforcement agency would want to monitor 
the location of the mobile station, and hence the stolen 
vehicle itself, to assist in apprehending the thief. 
15 Alternatively, a law enforcement agency may have an 
interest in monitoring not only the cellular telephone 
communications made by a cellular service subscripting 
suspect, but also the locations from which those calls are 
occurring. It would be an advantage, then, if the law 
enforcement agency could signal the cellular telephone 
network to make a position determination on a particular 
mobile station and relay that information back for use in 
tracking the suspect . 

Cellular subscribers now frequently use their mobile 
25 stations to make emergency (911) calls. Unlike 
conventional land line telephones, mobile stations have 
ho fixed address relating to a location which may be 
obtained by the public safety answering point (PSAP) when 
an .einergency call is made. Accordingly, it would be an 
30 advantage, then, if the public safety answering point 

could signal the cellular telephone network to make a 
position determination on a particular mobile station from 
which an emergency call originates and relay that 
information back for use in dispatching emergency service 
35 aid. 

Furthermore, knowing the location of the mobile 
station does not comprise the only concern in rendering 
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emergency services in response to a cellular emergency 
call. It is also important that the emergency cellular 
call be routed through the network to the proper public 
safety answering point in those instances where the 
calling mobile station is roaming. In such cases, it 
would be an advantage if a switch handling the call could 
request location information on a particular roaming 
mobile station from which an emergency call is originated 
and use that information in determining which public 
safety answering point is the correct public safety 
answering point (based on proximity to the mobile station) 
to handle the call and dispatch the emergency service aid. 
It would further be an advantage if position information 
could be determined in response to that same request and 
provided to the correct public safety answering point for 
use in directing emergency services personnel to the aid 
of the subscriber . 



SUMMARY OF THE INVENTION 

The present invention comprises a system for 
selectively conveying mobile station position information 
to requesting entities. In a first embodiment, the system 
responds to a position request from another mobile station 
by routing the request to the serving switching node, 
processing location information to determine a mobile 
station position, and routing a return message identifying 
the determined position to the requesting mobile station. 
In another embodiment, the system responds to a position 
request from a land line telephone user by routing the 
request to the serving switching node, processing location 
information to determine a mobile station position, and 
routing a return message identifying the determined 
position to the requesting user for presentation in either 
a synthesized oral manner, as a data message, or as a 
facsimile message. In another embodiment, the requesting 
entity comprises a public service entity such as a law 
enforcement agency, and the system responds to a position 
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request by routing the request to the serving base station 
controller, processing location information to determine 
a mobile station position, and routing a return message 
identifying the determined position to the requesting 
5 entity. 

The present invention still further comprises a 
system for determining mobile station location, and 
processing location information to identify a proper 
public safety answering point to which an emergency call 
10 from that mobile station should be routed. In connection 

therewith, an anchor exchange recognizes that the mobile 
station is roaming and wants to place an emergency call, 
and requests from the serving exchange an identification 
of the mobile station location. This information is then 
used to route the call to the proper public safety 
answering point. Furthermore, either the anchor exchange 
or the public safety answering point to which the 
emergency call is routed may then make a request for the 
determination of mobile station position, with the 
returned information useful in directing the dispatch of 
emergency services aid. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete understanding of the method and 
apparatus of the present invention may be acquired by 
reference to the following Detailed Description when taken 
in conjunction with the accompanying Drawings . wherein : 

FIGURE 1 is a block diagram of a cellular telephone 
network in accordance with the present invention which 
supports responding to requests regarding mobile station 
position; 

FIGURE 2 is a block diagram of a base station system 
like that used in the cellular telephone network of FIGURE 
1; . 

35 FIGURE 3 is a signal flow and nodal operation diagram 

illustrating operation of the network of FIGURE 1 in a 
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first scenario for providing position information on a 
target mobile station; 

FIGURE 4 is a signal flow and nodal operation diagram 
illustrating operation of the network of FIGURE 1 in a 
5 second scenario for providing position information on a 

target mobile station; 

FIGURE 5 is a block diagram of a telephone network 
in accordance with the present invention which supports 
responding to requests regarding mobile station position; 
10 FIGURE 6 is a signal flow and nodal operation diagram 

illustrating operation of the network of FIGURE 5 for 
providing position information on a target mobile station; 

FIGURE 7 is a signal flow and nodal operation diagram 
illustrating operation of the network of FIGURE 5 in 
15 delivering mobile station position information to a data 

terminal ; 

FIGURE 8 is a signal flow and nodal operation diagram 
illustrating operation of the network of FIGURE 5 in 
delivering mobile station position information to a 

20 telephone ; 

FIGURE 9 is a signal flow and nodal operation diagram 
illustrating operation of the network of FIGURE 5 in 
delivering mobile station position information to a 
facsimile machine; 

25 FIGURE 10 is a block diagram of a cellular telephone 

network in accordance with the present invention which 
supports delivery of mobile station position information 
to public service entities; 

FIGURE 11 is a signal flow and nodal operation 

30 diagram illustrating the operation of the cellular 

telephone network of FIGURE 10 in providing position 
information on a mobile station during an ongoing cellular 
voice/data communication; 

FIGURE 12 is a signal flow and nodal operation 

35 diagram illustrating the operation of the cellular 
telephone network of FIGURE 10 in providing information 
on a mobile station while in an idle operating mode; 
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FIGURE 13 is a block diagram of a cellular telephone 
network in accordance with the present invention equipped 
to provide emergency situation caller assistance; and 

FIGURE 14 is a signal flow and nodal operation 
5 diagram illustrating the operation of the cellular 

telephone network of FIGURE 13 in providing location 
information on a mobile station for purposes of properly 
routing an emergency cellular call. 

10 DETAILED DESCRIPTION OF THE DRAWINGS 

Reference is now made to FIGURE l wherein there is 
shown a block diagram of a cellular telephone network 
including a plurality of individual Public Land Mobile 
Networks (PLMNs) 20 and 30, The. first Public Land Mobile 
Network 20 includes a mobile switching center 26 connected 
to a plurality of base station systems (BSSs) 23, 24 and 

25. It will, of course, be understood that the Network 
20 likely includes a plurality of mobile switching centers 

26. The mobile switching center 26 is further connected 
to a home location register 22. The second Public Land 
Mobile Network 30 is similarly configured having a mobile 
switching center 35 connected to a plurality of base 
station systems 31, 32 and 33. Again, it is likely that 
the Network 30 includes a plurality of mobile switching 

25 centers 35. The mobile switching center 35 is further 

connected to a home location register 34. At least one 
mobile switching center 26 of the first Public Land Mobile 
Network 20 and at least one mobile switching center 35 of 
second Public Land Mobile Network 3 0 are interconnected 

30 for both voice/data communications and signaling 

transmissions in a manner well known to those skilled in 
the art. 

Reference is now additionally made to FIGURE 2 
wherein there is shown a block diagram of the base station 
systems 23, .24, 25, 31, 32 or 33. Each base station 
system comprises a base station controller (BSC) 108 
connected to a plurality of base stations (bs) 102, 104 



20 



35 



wo 98/00988 



PCT/US97/11656 



10 



15 



-9- 

and 106. At least one base station is provided for each 
cell in the network. It is through the base stations 102, 
104 and 106 that radio frequency communications with 
proximately located mobile stations (MS) are effectuated. 
The base station controller 108 is connected to the mobile 
switching center 26 or 35 shown in FIGURE 1. Operation 
of a Public Land Mobile Network 20 or 30 in providing 
cellular communications services to mobile stations 
through the base station controller 108 and base stations 
102, 104 and 106 is well known to those skilled in the 
art. 

Referring now again to FIGURE 1, instances often 
arise wherein a subscriber (not shown) having a mobile 
station 10 or 4 0 desires to know the geographic 
posit ioh/locat ion of another (target) subscriber mobile 
station 50. The cellular telephone network of FIGURE 1 
supports responding to mobile station 10 and 40 position 
requests by determining the position of the target mobile 
station 50 and responding to the requesting mobile station 
in an appropriate manner. 

Take first the scenario where the requesting mobile 
station 10 is located in a different Public Land Mobile 
Network 20 than the target mobile station SO. Additional 
reference is now made to FIGURE 3 wherein there is shown 
a signal flow and nodal operation diagram illustrating 
operation of the network of FIGURE 1 in a first scenario 
for providing position information on the target mobile 
station 50. Requesting mobile station 10 first (action 
200) enters a service feature code, identifying a mobile 
station position request, along with the mobile station 
integrated service directory number (MSISDN) of the target 
mobile station 50. A signal 202 is then sent over a 
control channel by the requesting mobile station 10 to its 
serving base station system 24 using an Unstructured 
35 Supplementary Service Data (USSD) or Direct Transfer 
Access Point (DTAP) message. Responsive thereto, the base 
station system 24 routes (signal 204) the request to the 
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tnobile switching center 26. The mobile switching center 
2 6 analyzes the directory number of the requesting mobile 
station 10 to determine its home location register 22. 
A query (signal 206) is then sent to the home location 
5 register 22 requesting confirmation that the requesting 

mobile station 10 is subscripted to the requested mobile 
station position service feature. A response (signal 208) 
is sent back to the mobile switching center 26. 
Alternatively, the requesting mobile station 10 

10 subscription may be checked by the mobile switching center 

26 itself (through its visitor location register), thus 
obviating the need for signals 206 and 208. If the 
response is affirmative, the mobile switching center 26 
analyzes the directory number of the target mobile station 

^5 50, and sends a modified Mobile Application Part (MAP) 

message, referred to as a provide location information 
(PLI) request signal 210, to the home location register 
34 for the target mobile station 50. The home location 
register 34 determines that mobile switching center 3 5 is 

20 currently serving the target mobile station 50. The 
provide location information request is then routed 
(signal 212) to mobile switching center 35. A location 
determination (action 214) with respect to the target 
mobile station 50 is then made in accordance with one of 

25 a number of known procedures. These procedures are 

briefly described later. The . determined target mobile 
station 50 location information is then sent by the 
serving mobile switching center 3 5 to the home location 
register 34 again using a modified Mobile Application Part 

30 message signal 216 . The information is then forwarded by 
signals 218, 220 and 222 through the mobile switching 
center 26 and base station system 24 to the requesting 
mobile station 10. The information is then processed 
(action 224) by the mobile station 10 and displayed 

35 (action 226) for subscriber review. 

In a second scenario, the requesting mobile station 
40 is located in the same Public Land Mobile Network 30 
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as the target mobile station 50. Additional reference is 
now made to FIGURE 4 wherein there is shown a signal flow 
and nodal operation diagram illustrating operation of the 
network of FIGURE 1 in a second scenario for providing 
5 position information on a target mobile station 50. 

Requesting mobile station 40 first (action 200) enters a 
service feature code, identifying a mobile station 
position request, along with the mobile station integrated 
service directory number (MSISDN) of the target mobile 

10 station 50. A signal 202 is then sent over a control 

channel by the requesting mobile station 4 0 to its serving 
base station system 31 using an Unstructured Supplementary 
Service Data (USSD) or Direct Transfer Access Point (DTAP) 
signal. Responsive thereto, the base station system 31 

15 routes '(signal 204) the request to the mobile switching 

center 35. The mobile switching center 35 analyzes the 
directory number of the requesting mobile station 4 0 to 
determine its home location register 34. A query (signal 
206) is then sent to the home location register 34 

20 requesting confirmation that the requesting mobile station 

4 0 is subscripted to the requested mobile station position 
service feature. A response (signal 208) is sent back to 
the mobile switching center 35. Again, subscription 
verification may be performed directly by the mobile 

25 switching center 35 obviating the need for signals 206 and 

208. If the response is affirmative, the mobile switching 
center 3 5 analyzes the directory number of the target 
mobile station 50, and sends a modified Mobile Application 
Part (MAP) message, referred to as a provide location 

30 information (PLI) request signal 210, to the home location 

register 34 for the target mobile station 50. The home 
location register 34 determines that mobile switching 
center 35 is currently serving the target mobile station 
50. The provide location information request is then 

35 . routed (signal 212) back to mobile switching center 35. 

A location determination (action 214) with respect to the 
target mobile station 50 is then made in accordance with 
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one of a number of known procedures. These procedures are 
briefly described herein. The determined target mobile 
station 50 location information is then sent by the 
serving mobile switching center 35 to the home location 
register 34 using a modified Mobile Application Part 
message signal 216. The information is then forwarded by 
signals 218, 220 and 222 back through the mobile switching 
center 35 and base station system 31 to the requesting 
mobile station 40. The information is then processed 
(action 224) by the mobile station 40 and displayed 
{action 226) for subscriber review. 

Although mobile stations 40 and 50 are illustrated 
in FIGURE 1 as being served by the same mobile switching 
center 35 of the second Public Land Mobile Network 30, it 
will be understood that this need not necessarily be so. 
When different mobile switching centers 3 5 are involved, 
the signals 212 and 220 are routed to the correct one of 
the mobile switching centers in a manner well known in the 
art {and similarly to that illustrated in FIGURE 3) . 

Reference is now made to FIGURE 5 wherein there is 
shown a block diagram of a telephone, network including a 
Public Switched Telephone Network 90 and a Public Land 
Mobile Network 30. The Public Land Mobile Network 30 is 
similar to that shown in FIGURES 1 and 2 to include a 
mobile switching center 35 connected to a plurality of 
base station systems 31, 32 and 33. The mobile switching 
center 3 5 is further connected to a home location register 
34 . The Public Switched Telephone Network 90 is not 
illustrated in detail, but does include, for purposes of 
the present invention, an end office exchange (EO) 82. 
Connected to the end office 82 are a telephone unit (TU) 
70, data terminal equipment (DTE) 72 {comprising, perhaps, 
a personal computer), and a facsimile machine (FAX) 74. 
The mobile switching center 35 of the Public Land Mobile 
Network 30 and the end office 82 of the Public Switched 
Telephone Network 90 are interconnected for both 
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voice/data communications and signaling transmissions in 
a manner well known to those skilled in the art. 

Instances often arise wherein a person (not shown) 
having a telephone unit 70 desires to know the geographic 
position/location of a subscriber mobile station 50. The 
telephone network of FIGURE 5 supports responding to 
telephone unit 70 position requests by determining the 
position of the target mobile station 50 and responding 
to the requesting person in an appropriate manner. 

Reference is now additionally made to FIGURE 6 
wherein there is shown a signal flow and nodal operation 
diagram illustrating operation of the network of FIGURE 
5 for determining the position of a target mobile station 
50. Requesting telephone unit 70 first (action 201) 
15 enters a service feature code, identifying a mobile 

station position request, along with the mobile station 
integrated service directory number (MSISDN) of the target 
mobile station 50. The manner of position information 
delivery (i.e., voice back to the telephone unit, or data 
to either the data terminal equipment 72 or facsimile 
machine 74) is also specified. A signal 203 is 
accordingly sent from the requesting telephone unit 70 to 
its serving end office 82. Responsive thereto, the Public 
Switched Telephone Network 90 then confirms (action 205) 
25 that the requesting telephone unit 70 is subscripted to 

the requested mobile station position service feature. 
If this is confirmed, the end office 82 analyzes the 
directory number of the target mobile station 50, and 
sends a modified Mobile Application Part (MAP) message or 
30 perhaps a Transaction Control Application Part (TCAP) 

message, referred to as a provide location information 
(PLI) request signal 207, to the home location register 
34 for the target mobile station 50. The home location 
register 34 determines that mobile switching center 35 is 
currently serving the target mobile station 50. The 
provide location information request is then routed 
(signal 209) to mobile switching center 35. A location 
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determination (action 211) with respect to the target 
mobile station 50 is then made in accordance with one of 
a number of known procedures. These procedures are 
briefly described later. The determined target mobile 
station 50 location information is then sent by the 
serving mobile switching center 3 5 to the home location 
register 34 using a modified Mobile Application Part 
message signal 213 . The information is then forwarded by 
signals 215 and 217 through the end office 82 of the 
Public Switched Telephone Network 90 to an adjunct 
processing node (APN) 76. It will, of course, be 
understood that the adjunct processing node 76 
functionality may be provided within the end office 82 
itself. The manner of position information delivery input 
by the person at the telephone unit 70 is then processed 
(action 219) to determine whether the position information 
should be delivered to the telephone unit, data terminal 
equipment 72 or the facsimile machine 74. 

Reference is now made to FIGURE 7 wherein there is 
20 shown a signal flow and nodal operation diagram 
illustrating operation of the network of FIGURE 5 in 
delivering mobile station position information to the data 
terminal equipment 12, Following processing in action 219 
to identify the data tezminal equipment 72 as the delivery 
25 destination for the position information, the , adjunct 

processing node 76 properly formats (action 221) the 
position information for data delivery, initiates a call 
(action 223) through the end office 82 to the data 
terminal equipment 72, and transmits the formatted 
position information over call connection 225. 

Reference is now made to FIGURE 8 wherein there is 
shown a signal flow and nodal operation diagram 
illustrating operation of the network of FIGURE 5 in 
delivering mobile station position information to the 
telephone unit 70. Following processing in action 219 to 
identify the telephone unit 70 as the delivery destination 
for the position information, the adjunct processing node 
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76 initiates a call (action 229) through the end office 
82 to the telephone unit 70. Once a call connection 231 
is established between the adjunct processing node 76 and 
telephone unit 70, the adjunct processing node synthesizes 
5 (action 233) a voice message relating the determined 

position information to the requesting person. 

Reference is now made to FIGURE 9 wherein there is 
shown a signal flow and nodal operation diagram 
illustrating operation of the network of FIGURE 5 in 
10 delivering mobile station position information to a 
facsimile machine 74. Following processing in action 219 
to identify the facsimile machine 74 as the delivery 
destination for the position information, the adjunct 
processing node 76 properly formats (action 221) the 
15 position information for facsimile delivery, initiates a 
call (action 235) through the end office 82 to the 
facsimile machine 74, and transmits the formatted position 
information over the established call connection 237. 

With reference now again to FIGURES 1 and 5, a 
20 plurality of different mechanisms exist for determining 
the position of the mobile station 50 operating within the 
cellular telephone network. Although several location 
determination techniques are discussed below, it will be 
recognized that any suitable position determination 
25 mechanism may be used. 

One way to determine position is to rely on 
information supplied from a Global Positioning System 
(GPS) transceiver 52 connected to the target mobile 
station 50. Responsive, perhaps, to requests from a base 
30 station system, or on a periodic basis, geo- coordinates 

are extracted by the target mobile station 50 and 
transmitted over a control channel of the air interface 
to the base station system. This information is then 
relayed to the serving mobile switching center, processed 
35 by an adjunct processing node (APN) 36 in the manner 
described above in connection with the location 
determination actions 211 and 214, and transmitted back 



wo 98/00988 



PCT/US97/11656 



-16- 



10 



15 



20 



25 



30 



35 



through the network for presentation to the requesting 
entity. 

A second way to determine position is to use the cell 
area where the target mobile station 50 is currently 
located. Identification information for the currently 
serving base station and cell is available to the network 
and in particular to the base station system. This 
information is relayed to the serving mobile switching 
center, processed by the adjunct processing node 36 in the 
manner described above in connection with the location 
determination actions 211 and 214, and transmitted back 
through the network for presentation to the requesting 
entity. 

A third way to determine position is to use 
measurements (signal strength or timing advance) made by 
the base stations in the vicinity of the target mobile 
station 50. Responsive, perhaps, to requests from a base 
station system, or on a periodic basis, measurement 
information is acquired by the base station system serving 
the target mobile station 50 and relayed to the mobile 
switching center. This information is then processed by 
the adjunct processing node 36 in the manner described 
above in connection with the location determination 
actions 211 and 214, and transmitted back through the 
network for presentation to the requesting entity. In 
particular, the adjunct processing node 36 utilizes well 
known triangulation and arcuation processes to identify 
a position from the received measurement information. 

A fourth way to determine position is to use 
measurements (signal strength or timing advance) made by 
the target mobile station 50 itself. Responsive, perhaps, 
to requests from a base station system, or on a periodic 
basis, measurement information is acquired by the target 
mobile station 50 and relayed to the mobile switching 
center through the serving base station system. This 
information is then processed by the adjunct processing 
node 36 in the manner described above in connection with 
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the location determination actions 211 and 214, and 
transmitted back through the network for presentation to 
the requesting entity. In particular, the adjunct 
processing node 36 utilizes well known triangulat ion and 
arcuation processes to identify a position from the 
received measurement information. 

A fifth way to determine position is to rely on a 
determination made by a separate location system (SLS) 60. 
The separate location system 60 utilizes a known location 
determination system, such as GPS, satellite Doppler, 
LrORAN-C, direction finding, time or arrival triangulation 
(arcuation) , or signal strength triangulation (arcuation) . 
Responsive to a request, or perhaps on a periodic basis, 
the separate location system 60 sends position information 
to the mobile switching center. This information is then 
processed in the manner described above in connection with 
the location determination actions 211 and 214, and 
transmitted back through the network for presentation to 
the requesting entity. 
20 Reference is now made to FIGURE 10 wherein there is 

shown a block diagram of a cellular telephone network 3 00 
comprising a mobile switching center (MSG) 302, a base 
station controller (BSC) 304, and a plurality of base 
stations (BS) 306 . The base station controller 304 and 
25 associated base stations 306 form a base station system 

(BSS) 308. Each base station 306 is configured to engage 
in radio frequency communications over an air interface 
310 with proximately located mobile stations (MS) 312. 
The air interface 310 supports the transmission of both 
30 voice/data communications as well as signaling 
communications. In general, communications are 

effectuated with those mobile stations 312 located near 
or within the confines of a cell 314 associated with each 
base station 306. The mobile switching center 302 and 
35 base station controller 304 are connected via a 

communications link 316 which supports the transmission 
of both voice/data communications as well as signaling 
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communications. The base station controller 304 and 
associated base stations 306 are connected via 
communications links 318 which, like the links 316 
support the transmission of both voice/data communications 
as well as signaling communications. Operation of the 
cellular telephone network 300 in providing conventional 
cellular voice/data calling services to mobile station 
subscribers is well known to those skilled in the art. and 
accordingly will not be discussed herein. 

A law enforcement agency is often authorized to 
monxtor cellular telephone calls to obtain evidence for 
use xn criminal investigations. To accomplish this goal 
a monitoring center (MC) 320 is established which ma^ 
include a tape recorder 322 for recording the voice 
conversation that is being monitored. The physical 
connection with the voice/data communications portion of 
the cellular telephone network 300 is made through a tap 
(generally shown at 324) . The tap 324 may be made at any 
location within the cellular telephone network . 300 in a 
manner well known to those skilled in the art but is 
typically made at a selected one of the mobile switching 
centers 302 associated with the base station 3 06 and cell 
314 where the mobile station 312 is currently located 
(roaming) . 

A number of instances may arise where the location 
of a mobile station 312 (or its possessing cellular 
subscriber) needs to be known by the law enforcement 
agency. One instance occurs in connection with the 
monitoring of an ongoing cellular telephone call. Another 
instance occurs when the mobile station 312 is idle but 
the law enforcement agency desires to track its location 

Reference is now additionally made to FIGURE ii 
wherein there is shown a signal flow and nodal operation 
diagram illustrating the operation of the cellular 
telephone network 300 of FIGURE 10 in providing position 
on a mobile station 312 during an ongoing cellular 
voice/data communication 330. It is assumed that all of 
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the conventional, well known, cellular network operations 
preceding the establishment of the actual communication 
330 (for example, authentication, ciphering, call set-up) 
have already occurred. The portion of the voice /data 
5 communication 330 carried over the air interface 310 

utilizes a traffic channel (TCH) . A control channel (CCH) 
. is also provided over the air interface 310 for parallel 
mobile station 312 use during the ongoing . call . 

Suppose now that the law enforcement agency desires 
10 to know the location of the mobile station 312 which is 

engaging in the communication 330. From either its 
monitoring center 320 (as shown) or another selected 
location, the law enforcement agency signals 332 the 
network 300, and in particular the serving mobile 
switching center 302, to request location information. 
This request signal 332 includes not only the 
identification number (MIN, IMSI, IMEI, MSISDN, and/or 
MSID) of the mobile station 312 to be located, but also 
the degree of accuracy to be provided with the location 
20 determination- This degree of accuracy parameter 

specifies the precision with which the location 
determination is expected to be made (for example, actual 
location within one-hundred fifty meters radius of 
determined location) . 
25 Once the request signal 332 is received by the 

serving mobile switching center 302, the identification 
number of the mobile station 312 to be located is 
processed (action 334) , and it is determined that the 
mobile station at issue is engaged in the communication 
330. Thus, the network does not have to search (for 
example, page) for the mobile station 312 before making 
the location determination. A position request signal 336 
is then sent by the mobile switching center 302 to the 
base station system 308 serving the mobile station 312 
35 over the communications link 316 as a connection oriented 
signaling connection control part (SCCP) session. The 
position request signal 336 includes a plurality of 
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parameters in addition to the parameters specified in the 
location request signal 332, including: the confidence 
factor with which the location position is to be reported; 
the expected method of reporting the location position; 
the periodicity with which reports are to be made; and, 
the kind of location determination that is to be made. The 
confidence factor parameter specifies the degree of 
confidence with which mobile station 312 location must be 
determined (for example, seventy percent in view of the 
specified accuracy parameter) . The method of reporting 
parameter specifies that either: spontaneous position 
information is expected; single position information is 
expected; periodic position information is expected; or, 
no position information is expected. The periodicity 
parameter specifies how often (for example, every three 
minutes) mobile station 312 position is to be determined 
and reported to the requesting entity. The kind of 
location determination parameter specifies which one of 
a plural number of available determination methods (for 
20 example, signal strength analysis, timing advance 

analysis, or global positioning system determination) is 
to be used in determining mobile station 312 position. 

Responsive to the position request signal 336, the 
base station system 308 serving the mobile station 312 
25 makes the requested position request determination (action 

338) . The making of the position request determination 
in action 338 can take on one of several options. First, 
for example, if the mobile station 312 is equipped with 
a global positioning system (GPS) receiver 340, and if the 
mobile station has transmitted its geo-coordinates to the 
base station system 308 over the control channel (CCH) of 
the air interface 310, and further if the kind of location 
determination parameter specifies GPS, the action 338 
merely comprises the capturing of the transmitted 
35 information, and the formatting of the position 
information for transmission back to the mobile switching 
center 302. Second, on the other hand, if the kind of 
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location determination parameter specifies one of the 
measurement location methods (like, signal strength 
analysis or timing advance analysis) the action 338 
primarily involves the capturing of the requisite 
measurement information. Then, if the base station system 
308 is connected to a location processing device (LPD) 
340, the action 338 further includes the processing of the 
measurement information to determine mobile station 312 
position, and the formatting of the position information 
for transmission back to the mobile switching center 3 02 . 
If no location processing device (LPD) 340 is immediately 
available to the base station system 308, the action 338 
includes the collection of the measurement data, and the 
formatting of the position information for transmission 
back to the mobile switching center 302. In connection 
with the measurement location methods, if the measurement 
data is collected by the mobile station 312 itself (for 
example, during mobile assisted hand-off measurement), the 
data is transmitted to the base station system 308 over 
20 the control channel (CCH) of the air interface 310. 

Alternatively, the measurement data is collected by the. 
base station 306 portion of the base station system 308 
(for example, during hand-off determination or timing 
advance analysis) . 
25 Once the position request determination in action 338 

is completed, a responsive position indication signal 34 2 
is then sent by the base station system 308 serving the 
mobile station 312 to the mobile switching center 3 02 over 
the communications link 316 as a connection oriented 
30 signaling connection control part (SCCP) session. The 
method of reporting parameter within the position request 
signal 336 specifies the expected nature with which the 
position indication signal 342 is to be sent by the base 
station system 308. If the parameter specifies that 
35 spontaneous position information is expected, each time 
the position of the mobile station 312 is determined in 
action 338 with a confidence factor equal or superior to 



wo 98/00988 



PCT/US97/11656 



-22- 



10 



the factor specified in the confidence factor parameter 
of the position request signal 336, the position 
indication signal 342 is spontaneously sent. If the 
parameter specifies that single position information is 
expected, the action 338 implemented by the base station 
system 308 tries to achieve the position of the mobile 
station 312 within the preset confidence factor and 
respond with the position indication signal 342 within a 
preset time period. If the time period expires before the 
confidence factor is met, the base station system 308 then 
responds with the position indication signal 342 which 
includes an estimated confidence factor for the determined 
position. If the parameter specifies that periodic 
position ^ information is expected, the action 338 
15 implemented by the base station system 308 responds with 

the position indication signal 342 with or without meeting 
the preset confidence factor, and thereafter responds 
according to the periodicity specified by the periodicity 
parameter. If the parameter specifies that no position 
information is expected, the action 338 implemented by the 
base station system 308 responds with the position 
indication signal 342 which does not include any position 
information and stops any position information process 
related to that particular mobile station. 

The location processing device 34 0 need not be 
directly connected to the base station system 308. 
Instead, or additionally, the device 340- may be directly 
connected to the mobile switching center 302. In such a 
case where the position determination is not made in 
association with the base station system 308 (i.e., the 
action 338 involves the collection of and the formatting 
of the measurement data) , the measurement data is 
transmitted to the mobile switching center 302 in the 
position indication signal 342 and the requested position 
request determination (action 338') is thereafter made by 
the location processing device 340*, 
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Following receipt of each position indication signal 
34 2 by the mobile switching center 302, the position 
information is processed and/or formatted (action 344) , 
if necessary, and a request location information response 
signal 346 is transmitted from the mobile switching center 
to the monitoring center 320 (as shown) of the requesting 
law enforcement agency. It will, of course, be understood 
that the requesting entity need not necessarily be 
restricted to a law enforcement agency as shown. In fact, 
the position information provided by the networ)c 3 00 is 
equally important to other public service agencies such 
as the fire department and emergency services department 
(ambulance and rescue squads) . Furthermore, the position 
information is also valuable in fleet/delivery vehicle 
15 environments to track the locations of vehicles and 
personnel. As yet another alternative, the mobile station 
312 itself may comprise the requesting entity. 

Reference is now made to FIGURE 12 wherein there is 
shown a signal flow and nodal operation diagram 
illustrating the operation of the cellular telephone 
network 300 of FIGURE 10 in providing position information 
on a mobile station 312 while in an idle operating mode. 
Unlike the operation described in connection with FIGURE 
11, when the request signal 332 is received, the serving 
25 mobile switching center 3 02 may not know where the mobile . 

station 312 with the specified identification number 
operating in idle mode is located. Thus, the network 3 00 
must search (for example, page) for the mobile station 
312. Instead of sending the position request signal 336, 
the mobile switching center 302 sends a position/tracking 
request signal 350 to perhaps plural ones of the base 
station systems 308 (only one shown) over the 
communications link 316 as a connect ion- less signaling 
connection control part (SCCP) session. The 
35 position/tracking request signal 350 is sent to plural 
base station systems 308, rather than a single base 
station system as with the position request signal 336, 
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in those instances where the location within the network 
300 of the idle mobile station 312 is not known. This 
position/tracking request signal 350 includes the same 
parameters as the previously described position request 
5 signal 336 including Mobile Station Identification (MIN, 

IMSI, IMEI, MSISDN, and/or MSID) . 

Responsive to the position/tracking request signal 
350, the base station system 308 builds a tracking group 
(action 352), analogous to a paging group, and broadcasts 
10 a tracking request signal 354, analogous to a paging 
request signal, through each of its associated base 
stations 308 (not shown), in an attempt to reach the idle 
mobile station 312. The tracking request signal 354 is 
transmitted by the base stations 3 06 using a common 
control channel (CCCH) over the air interface 310. If the 
idle mobile station 312 receives the tracking request 
signal 3 54, it transmits a channel request signal 3 56 to 
Che base station system 308 using a dedicated control 
channel (DCCH) of the air interface 310. The base station 
system 308 responds with the assignment ,of a channel 
(signal 358), and the mobile station 312 replies by 
sending a tracking response signal 360, which is analogous 
to a paging response. This tracking response signal 360 
may additionally include geo-coordinate and/or measurement 
information relating . to mobile station 312 position 
determination. 

The' base station system 3 08 then forwards the 
tracking response signal 360 to the mobile switching 
center 302 over the communications link 316 as the 
responsive position indication signal 342, again analogous 
to the paging response, using a connection oriented 
signaling connection control part (SCCP) session. If the 
base station system 308 is connected to the location 
processing device (LPD) 340, the position request 
determination (action 338) is performed, and any received 
measurement information is processed, to determine mobile 
station 312 position. The determined position information 
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is then transmitted to the mobile switching center 302 
using the responsive position indication signal 342. if 
no location processing device 340 is immediately available 
to the base station system 308, or if global positioning 
system geo-coordinates were received, the action 338 
includes the collection and formatting of the measurement 
data (or geo-coordinates), and the responsive position 
indication signal 342 carries the formatted information 
to the mobile switching center 302. In a manner similar 
to that illustrated in FIGURE 11, the responsive position 
indication signal 342 is sent in accordance with the 
method of reporting parameter contained within the 
position/tracking request signal 350. Following receipt 
of the forwarded tracking response signal 360 in the form 
of the responsive position indication signal 342, the 
mobile switching center 302 sends a confirmation signal 
362 to the base station system 308. 

The network 300 then proceeds to authenticate (action 
364) the mobile station 312 in a manner well known ,to 
20 those skilled in the art. If the authentication is 

successful, the mobile switching center 302 is then 
authorized (action 366) to report position information to 
the monitoring center 320- (as shown) of the requesting law 
enforcement agency using the request location information 
25 response signal 346, If position information was received 

in (or obtained from) the forwarded tracking response 
signal 36 0, this information is then reported following 
authorization to the requesting entity in accordance with 
the method of reporting parameter contained within the 
position/tracking request signal 350. If no position 
information was yet received, or if additional information 
is expected, completion of the authentication process 364 
authorizes subsequent base station system 3 08 transmission 
of the responsive position indication signal 342 in 
35 accordance with the method of reporting parameter 

contained within the position/tracking request signal 350. 
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Again, the location processing device 34 0 need not 
be directly connected to the base station system 308. 
Instead, or additionally, the device 340' may be directly 
connected to the mobile switching center 302. In such a 
case where the position determination is not made in 
association with the base station system 308 (i.e., the 
action 338 involves the collection of the and formatting 
of the measurement data), the measurement data is 
transmitted to the mobile switching center 302 in the 
position indication signal 342 and the requested position 
request determination (action 338 • ) is thereafter made by 
the location processing device 340'. 

Reference is now made to FIGURE 13 wherein there is 
shown a block diagram of a cellular telephone network 400 
equipped to provide emergency situation caller assistance. 
The cellular telephone network 400 includes a plurality 
of mobile switching centers (MSC) 402. Associated with 
each mobile switching center 402 is a base station 
controller (BSC) 404 connected to a plurality of base 
20 stations (BS) 406. Each base station controller 404 and 
its associated base stations 406 form a base station 
system (BSS) 408. Each base station 406 is configured to 
engage in radio frequency communications over an air 
interface 410 with proximately located mobile stations 
25 (MS) 412. The air interface 410 supports the transmission 

of both voice/data communications as well as signaling 
communications. m general, communications are 

effectuated with those mobile stations 412 located near 
or within the confines of a cell 414 associated with each 
30 base station 406. The mobile switching center 402 and 
base station controller 404 are connected via a 
communications link 416 which supports the transmission 
of both voice/data communications as well as signaling 
communications. The base station controller 4 04 and 
35 associated base stations 406 are connected via 
communications links 418 which, like the links 416, 
support the transmission of both voice/data communication! 
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as well as signaling communications- The mobile switching 
centers 4 02 are interconnected by communications links 420 
which, like the links 416 and 418, also support the 
transmission of both voice/data communications as well as 
signaling communications. Operation of the cellular 
telephone network 400 in providing conventional cellular 
voice/data calling services to mobile station subscribers 
is well known to those skilled in the art, and accordingly 
will not be discussed herein. 

Connected to the cellular telephone network 400 via 
routers 423 are a plurality of public safety answering 
point (PSAP) systems 422. Each public safety answering 
point system 422 is utilized by emergency service 
providers (such as the police department, fire department, 
or resciie department) as a central point for the reception 
of emergency services telephone calls (e.g., dial 911 
calls) and the dispatching of emergency services personnel 
within an associated emergency service area. Certain 
mobile switching centers 402 are assigned to a certain 
20 public safety answering point system 422. In fact, it is 

possible that one mobile switching center 402 may be 
serviced by more than one public safety answering point 
system 422. 

It is important that any cellular emergency call 
initiated from a mobile station 412 be handled by the 
proper public safety answering point system 422. 
Generally, this means the public safety answering point 
system 422 controlling the dispatching of proximately 
located emergency services personnel. If a cellular 
emergency call is misrouted, the dispatching and/or 
arrival of emergency aid could be delayed. Under normal 
cellular telephone system operating conditions, this is 
not a concern as the cellular emergency call is handled 
by the mobile switching center 402 for the service area 
where the emergency call is originated (the serving MSC) 
and routed through router 423 to the public safety 
answering point system 422 connected thereto. For those 
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situations where a service area and its mobile switching 
center 402 are associated with plural public safety 
answering point systems 422, routing is made to the public 
safety answering point system 422 assigned to the cell 414 
5 currently serving the mobile station 412. When the mobile 
subscriber is on-call, roaming and switches serving mobile 
switching centers 402, however, a communications link is 
maintained through the mobile switching center 402(1) for 
the service area where the first call was originated (the 
10 anchor MSC) . Any cellular emergency call thereafter 
initiated (by placing the original call on hold) is then 
incorrectly, and perhaps undesirably, routed through the 
anchor mobile switching center 402(1) to its assigned 
• (connected) public safety answering point system 422 via 
router 423 instead of to the public safety answering point 
system 422 for the serving mobile switching center 402(2) . 

Reference is now additionally made to FIGURE 14 
wherein there is shown a signal flow and nodal operation 
diagram illustrating the operation of the cellular 
telephone network 400 of FIGURE 13 in providing location 
information on a mobile station 412 for purposes of 
routing an emergency cellular call to the proper public 
safety answering point system 422. In conjunction with 
anchor mobile switching center 402(1) receipt of a 
cellular emergency call 424 originated by a roaming mobile 
station 412 while maintaining an original call 425 (on 
hold), an identification is also provided of the cell 414 
associated with base station 406 serving the mobile 
station. The data base 426 (1) connected to the anchor 
30- mobile switching center 402(1) does not include 
translation information correlating the identified cell 
414 with the routing identification number for its 
associated public safety answering point system 422. This 
is because this information is instead stored in the data 
base 426(2) connected to the serving mobile switching 
center 402(2). Thus, the anchor mobile switching center 
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402(1) does not possess sufficient information to properly 
route the call . 

Recognizing then the situation of a roaming mobile 
station 412 making a cellular emergency call 424 with a 
5 prior call 425 on hold, the anchor mobile switching center 

402(1) sends a position request with location number 
requested signal 428 to the serving mobile switching 
center 402(1) over the communications link 420 as a Mobile 
Application Part (MAP) message. This position request 

10 signal 428 optionally includes an identification of .the 

cell 414 where the mobile station 412 is located, and a 
location type parameter which requests the return of a 
routing identification number for that cell. Responsive 
to receipt of the location number request signal 4 28, the 

15 serving mobile switching center 402(2) processes (action 

430) the identified cell in its data base 426(2) which, 
includes translation information correlating the 
identified cell 414 with the routing identification number 
for its associated public safety answering point system 

20 422. The retrieved routing identification number is then 

included in a response signal 432 transmitted from the 
serving mobile switching center 402(2) to the anchor 
mobile switching center 4 02(1) over the communications 
link 420. Using the retrieved routing identification 

25 number, the anchor mobile switching center 402(1) forwards 

(action 434) the cellular emergency call 424 to the public 
safety answering point system 422 .assigned to the cell 414 
currently serving the mobile station 412. 

Instances may arise where position information 

30 regarding the roaming, cellular emergency calling mobile 

station 412 is also needed to handle the call. One option 
is for the transmitted signal 428 to be treated by the 
network 400 as a position request signal 332 (see, FIGURE 
11) as well. Responsive thereto, and via the maintained 

35 connection through the anchor mobile switching center 

402(1), the serving mobile switching center 402(2) not 
only retrieves the routing identification number for the 
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proper public safety answering point system 422 for 
delivery to the anchor mobile switching center, but also 
initiates the position determination procedure illustrated 
in FIGURE 11. Following receipt of each position 
indication signal 342 by the anchor mobile switching 
center 402(1), the position information is processed 
and/or formatted (action 344), if necessary, and a request 
position information response signal 346 is transmitted 
from the mobile switching center to the proper public 
safety answering point system 422 via the anchor mobile 
switching center 402(1), Alternatively, in response to 
the forwarding (action 434) of the cellular emergency call 
424, the public safety answering point system 422 
transmits a position request signal 332 (see, FIGURE 11) 
15 towards the serving mobile switching center 402(2) via the 
anchor mobile switching center 402 (1) . Following receipt 
of each position indication signal 342 by the serving 
mobile switching center 402(2), the position information 
is processed and/or formatted (action 344), if necessary, 
and a request position information response signal 34 6 is 
transmitted to the public safety answering point system 
422 via the anchor mobile switching center 402(1). 

Although a preferred embodiment of the method and 
apparatus of the present invention has been illustrated 
in the accompanying Drawings and described in the 
foregoing Detailed Description, it will be understood that 
the invention is not limited to the embodiment disclosed, 
but is capable of numerous rearrangements, modifications 
and substitutions without departing from the spirit of the 
invention as set forth and defined by the following 
claims , 
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WHAT IS CLAIMED IS: 

1. In a cellular telephone network including a 
first mobile switching center currently serving a target 
mobile station and a second mobile switching center 

5 currently serving a requesting mobile station/ a method 

comprising the steps of: 

routing a request for target mobile station position 
made by the requesting mobile station from the second 
mobile switching center to the first mobile switching 
10 center ; 

processing position indicative information to 
determine a position of the target mobile station; and 

routing a response to the position request including 
target mobile station position from the first mobile 
15 switching center to the second mobile switching center. 

2. The method as in claim 1 wherein the cellular 
telephone network includes a first public land mobile 
network having the first mobile switching center and a 
second public land mobile network having the second mobile 
switching center, and the steps of routing comprise the 
steps of routing the position request and response between 
the first and second public land mobile networks. 

3 . The method as in claim 2 wherein the f irist 
public land mobile network includes a home location 
register for the target mobile station, and the steps of 
routing further comprise the steps of routing the position 
request and response between the first and second mobile 
switching center through the home location register. 

4. The method as in claim 1 wherein the cellular 
telephone network includes a public land mobile network 
having both the first and second mobile switching centers. 

5 . The method as in claim 1 further including the 
step of verifying requesting mobile station subscription 
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to a service feature supporting the request for target 
mobile station position. 

.teps'of: ' '"""^^ including the 

forwarding the response to the position request 
.nclud.ng target .obile station position fro. the seccll 
-Mle switching center to the requesting .obiie statH 

positCrr:"^ " '~ ^--^ — — " 

displaying at the requesting mobile station of the 
target mobile station position. 

7- In a telephone network including a public 
sw..ched telephone network connected through a! end "f L 
ex hange to a requesting subscriber station and a cellul" 

: rtrr: ™ ^^^^-^ ^ 

made W 'th! ' P-^-i- 
made by the requesting subscriber station from the end 

office exchange to the mobile switching center- 

processing position indicative information to 
determine a position of the target mobile station; and 

tarqet°mlb"l ' '° '"^^ ^^^"^^^ including 

target mobile statxon position from the mobile switching 
center to the end office exchange. etching 



step Of " ' ''^"^^^ including the 

30 K ■ """^>'^"9 requesting subscriber station 

ubscription to a service feature supporting the req^ 
for target mobile station position. 

steps'of: ' including the 

35 re ''J''""^ " exchange to the 

35 requesting subscriber station; and 

delivering the target mobile station position to a 
requesting subscriber as a synthesized voice message 
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10. The method as in claim 7 further including the 
steps of : 

placing a call through the end office exchange to a 
facsimile machine associated with a requesting subscriber; 
5 and 

delivering the target mobile station position to the 
requesting subscriber as a facsimile message. 

11. The method as in claim 7 further including the 
10 steps of: 

placing a call through the end office exchange to a 
data terminal associated with a requesting subscriber; and 

delivering the target mobile station position to the 
requesting subscriber as a data message. 

15 

12. The method as in claim 7 wherein the mobile 
switching center is connected to a home location register 
of the target mobile station, and the steps- of routing 
comprise the steps of routing the position request and 
response between the mobile switching center and end 
office exchange through the home location register. 

13. In a cellular telephone network including mobile 
switching center connected to a base station system 
currently serving a target mobile station, a method 
comprising the steps of: 

receiving at the mobile switching center a request 
from a requesting entity for target mobile station 
position; 

routing the request for target mobile station 
position to the base station system currently serving the 
target mobile station; 

collecting by the base station system of target 
mobile station position indicative information; 

processing the position indicative information to 
determine a position of the target mobile station; and 
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routing a response including the target mobile 
station position through the mobile switching center to 
the requesting entity. 

14. The method as in claim 13 wherein the step of 
collecting comprises the step of , obtaining position 
related measurement information collected by the target- 
mobile station itself. 

15. The method as in claim 14 wherein the position 
related measurement information comprises signal strength 
measurements . 

16. ^ The method as in claim 14 wherein the position 
15 related measurement information comprises timing advance 

measurements . 

17. The method as in claim 13 wherein the step of 
collecting comprises the step of obtaining position 
related measurement information collected by the base 
station system itself. 



20 



18. The method as in claim 17 wherein the position 
related measurement information comprises signal strength 

25 measurements. 

19. The method as in claim 17 wherein the position 
related measurement information comprises timing advance 
measurements - 



30 



35 



20. The method as in claim 13 wherein the step of 
collecting comprises the step of obtaining geo-coordinate 
information collected by the target mobile station itself. 

21. The method as in claim 13 wherein the position 
indicative information comprises position related 
measurement information, and the step of processing 
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comprises the step of arcuating the position related 
measurement information to determine the target mobile 
station position. 

22. The method as in claim 13 wherein the position 
indicative information comprises position related 
measurement information, and the step of processing 
comprises the step of triangulating the position related 
measurement information to determine the target mobile 
station position. 



23. The method as in claim 13 wherein the target 
mobile station is operating in an on-call mode, and 
wherein the step of routing comprises the step of routing 
the request to the base station system through which the 
15 target mobile station call is being handled. 

24 . The method as in claim 13 wherein the target 
mobile station is operating in an idle mode, and wherein 
the step of routing comprises the steps of: 
20 paging for the target mobile station; and 

routing the request to the base station system 
through which the target mobile station answers the page. 

25. The method as in claim 13 further including the 
25 step of authenticating the target mobile station before 

allowing any target mobile station position response to 
be sent to the requesting entity. 



26. A method, comprising the steps of: 
responsive to mobile station hand-off during a first 
call from a first mobile switching center to a second 
mobile switching center, and further responsive to mobile 
station initiation of a second, emergency call while 
maintaining the first call, transmitting a request for 
35 mobile station location from the first mobile switching 
center to the second mobile switching center; 



wo 98/00988 



PCT/US97/11656 



10 



15 



-36- 

processing a current cell location for the mobile 
station to identify a public safety answering point 
serving the mobile stations- 
transmitting a response including the identified 
public safety answering point from the second mobile 
switching center to the first mobile switching center; and 
routing the second, emergency call to the identified 
public safety answering point. 

27. The method as in claim 26 further including the 
steps of: 

collecting position indicative information for the 
mobile stations- 
processing the position indicative information to 
determine a position for the mobile station; and 

routing the determined mobile station position to the 
identified public safety answering point. 

28. The method as in claim 27 wherein the step of 
collecting comprises the step of obtaining position 
related measurement information collected by the target 
mobile station itself. 

29. The method as in claim 28 wherein the position 
25 related measurement information comprises signal strength 

measurements . 

30. The method as in claim 28 wherein the position 
related measurement information comprises timing advance 

30 measurements. 

31. The method as in claim 27 wherein the step of 
collecting comprises the step of obtaining position 
related measurement information collected by the base 

35 station system itself. 
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32. The method as in claim 31 wherein the position 
related measurement information comprises signal strength 
measurements . 

33. The method as in claim 31 wherein the position 
related measurement information comprises timing advance 
measurements . 

34. The method as in claim 27 wherein the step of 
collecting comprises the step of obtaining geo-coordinate 
information collected by the target mobile station itself. 



35. The method as in claim 27 wherein the position 
indicative information comprises position related 
15 measurement information, and the step of processing 

comprises the step of arcuating the position related 
measurement information to determine the target mobile 
station position. 

20 36. The method as in claim 27 wherein the position 

indicative information comprises position related 
measurement information, and the step of processing 
comprises the step of triangulating the position related 
measurement information to determine the target mobile 

25 station position. 



wo 98/00988 



PCTA;S97/11656 



ly 6 
FIG.1 



20 



22 — 




PLMN1 


'26 








MSG 




25^ < 




^SS) 



10 



requesting 

FIG.2 




requesting 



target 



MSG 



FIG.5 



target ^^0 




wo 98/00988 



PCT/US97/11656 



2/6 



200 



10 



MS 



24 



BSS 



Enter 
Request 



PLMN1 

202 -) 



222 



2 



FIG.3 

MSC 



26 



1 



204 



220 



L 



22 



HLR 



206 



208 



y 



34 



HLR 

— I — 



MSC 



35 



^210 



218 



Z7 



PROCESS 



212 



PLMN2 



214 



LOCATION 
DETERMINATION 



216 



T 



DISPLAY 



224 
226 



FIG.4 



MS 



40 

O 



200 



Enter 
Request 



31 



BSS 



202 



222 



Process 



35 



MSC 



^04 



210 

21 4 — ^ 



34 

HLR Lj 



206 



Location 
Determination 



220 



208 



212 



216 
218 



Display 



224 

-226 



wo 98/00988 



PCT/US97yil656 



70 



TU 



EO 



Enter 
Request 



201 



3/6 

FIG.6 

(-76 I ^ 34 



APN 



203 



Confirm 
r[ Subscription 



205 



PSTN 



35 



HLR 



PLMN 



3- 



207 



215 



MSG 



209 



213. 



Location 
Determination 



211 



Process 



219 



72 



FIG.7 



DTE 



EO 



^25 



76 



70 



APN 

"~T 



Format 



Call 



221 



223 



FIG.8 

82 —^ ^76 



TU 



EO 



^231 



229 



APN 



Call 



233 



Synthesize 



74 



2 



FIG.9 



FAX 



EO 



7 



82 
237 



76 



APN 



Format 



221 



Call 



235 



wo 98/00988 



PCT/US97/11656 



4/6 



FIG. 10 



LPD 




LPD 


302 





MSG 



316 



340 
304 



310 



1^324 



BSC 



Tape 



Monitoring 
Center 



318 
322 



320 



318 



318 



306 



308 




312 



300 



306 



426(1) 



DB 



FIG.13 

^■422 



PSAP 



402(1) 



Anchor 
MSG 



423 



Router 



422 



PSAP 



426(2) 



DB 



^420 



Serving 
MSG 



BSC 



418 



BS 



406 



9^- 



414 




^400 

418 
406 



BS 



) 



414 ^ 



412 



wo 98700988 



PCTAJS97/11656 



320 



5/6 

FIG.1 1 



MC 



302 



MSG 



332 



334 



340' 



^30 8 p 



LPD 



2 



330 



340 



BSS 



Process 



338' 

u 



336 



342 



338 



Determine 
position 



312 



LPD 



MS 



Determine 
position 



346 



Process 



344 



MC 



320 
332 



302 



IMSC 



346 



FIG.12 



340' 



LPD 



350l 



308 



BSS 



352 



p342 
360-^ \ 



340 



LPD 



MS 



312 



Build 
Group 



342 



1 



338 
362 



^356 



^354 



358 



360 



Determine 
position 



Authorize 



^^t^Authenticate | 
366 

^ 342-^ 



wo 98/00988 



6/6 



PCT/US97/11656 



FIG.14 



402(1) 



Anchor 
MSG 



DB 



426(2) 



I 



425 
424 



402(2) 



^426(2 ) 



Serving 
MSG 



translation 
unsuccessful 



428 



432 



1 



332 



J 



forward 



422 



DB 



PSAP 



original call (on hold) 



emergency call 



430 



translation 



call 



434 



I 346-) 



r 332 



346 



412 



MS 



This Pq 



(uspto) 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCX 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification ^ : 
H04Q 7/38 



A3 



(11) International Publication Number: WO 98/00988 

(43) International Publication Date: 8 January 1998 (08.01.98) 



(21) International Application Number: PCT/US97/1 1656 

(22) international FUing Date: 30 June 1997 (30.06.97) 



(30) Priority Data: 
08/677,048 



1 July 1996 (01.07.96) 



US 



(71) Applicant: ERICSSON INC. [US/US]; 7001 Development 
Drive. P.O. Box 13969. Research Triangle Park, NC 27709 
(US). 

(72) Inventors: BOLTZ, David; 901 Loch Ness Lane, Garland, 
TX 75044 (US). MAUPIN, Alain, Guy; 1133 Lookout 
Drive. Richardson, TX 75080 (US). MAO, Xiaohong; 2400 
Watcrvicw Parkway #424. Richardson. TX 75080 (US). 

(74) Agents: MOORE, Stanley. R. ct al.; Jenkens & Gilchrist, P.C., 
Suite 3200. 1445 Ross Avenue. Dallas. TX 75202 (US). 



(81) Designated States: AL, AM, AT. AU. AZ, BA, BB, EG, BR, 
BY. CA, CH. OJ, CU, CZ, DE, DK. EE, ES, FI, GB, GE. 
GH, HU, IL. IS, JP, KE. KG, KP. KR. KZ, LC, LK, LR, 
LS, LT, LU, LV. MD, MG, MK, MN, MW, MX, NO, NZ, 
PL, PT, RO, RU. SD, SE, SG, SI, SK, SL, TJ, TM, TR, 
rr, UA, UG, UZ, VN, YU. ZW, ARIPO patent (GH, KE, 
LS, MW, SD, SZ, UG. ZW), Eurasian patent (AM. AZ, BY. 
KG. KZ. MD. RU, TJ, TM), European patent (AT, BE, CH, 
DE, DK, ES. H, FR, GB. GR, IE, IT, LU. MC, NL. PT, 
SE), OAPI patent (BP, BJ, CF, CG. CI, CM. GA, GN. ML. 
MR, NE, SN, TD, TG). 



Published 

With international search report. 

Be/ore the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 

(88) Date of publication of the international search report: 

7 May 1998 (07.05.98) 



(54) Title: METHOD AND APPARATUS FOR COMMUNICATING INFORMATION ON MOBILE STATION POSITION WITHIN A 
CELLULAR TELEPHONE NETWORK 



20 




requesting 



requesting 



target 



(57) Abstract 

Position infomiation regarding a mobile station is determined and provided upon request. In one situation, mobile station position is 
detennined in response to a request from another mobile subscriber (10, 40) and displayed (226) on the requesting mobile station display. 
Mobile station position is also determined in response to a request from a land line user (70) and provided through either a synthesized voice 
communicaUon (233), a data message (225) or a facsimile message (237). Mobile station posiUons are further provided in response to law 
enforcement (320) and other public service entity (422) requests. This information is useful in tracking a mobile station (312. 412) cither 
during a call or when the mobile station is idle. In another instance mobile station location information is used to insure routing (434) of 
emergency (911) calls (424) to the proper public safety answering point (422). The system further has the capability of being programmed 
with certain response criteria applicable to the determination of mobile station position. Such criteria include accuracies, confidence factors, 
periods between location reports, and location determination technique. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Annenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senega) 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TO 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Bftrb&dos 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Paso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


IfU 


Hungaiy 


ML 


Mali 


TT 


IVinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


DA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


VG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Ualy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Swiizerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


Cete d'lvoire 


KP 


Democratic Pfeople'i 


NZ 


New Zealaiul 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


CtUna 


KR 


Republic of Korea 


FT 


Portugal 






CU 


Cuba 


KZ 


Kazaksian 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint LAicia 


RU 


Russian Pederaiton 






DE 


Germany 


U 


Liechicnstcin 


SD 


Sudan 






DK 


Denmark 


UC 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







INTERNATIONAL SEARCH REPORT 



Inter inal Application No 

PCT/US 97/11656 



A. CLASSIHC AXIOM OF SUBJECT MATTER 

PC 6 H04Q7/38 



According to International Patent Classification QPC) of to both national class rfication and IPC 



. FIELDS SEARCHED 



Minimum documentation searched (claBsiTication system followed by dessiricaUon symtmis) 

PC 6 H04Q G08G 



Dooumentatton soarched other than mintmum documentation to the extent that such documents are included in the fields searched 



Eleotronio data base consulted during the intemational search (name of database and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category " CitaUon of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



DE 43 21 418 A (DEUTSCHE AEROSPACE) 5 
January 1995 

see page 4, line 68 - page 10, line 37 

WO 96 15643 A (ERICSSON TELEFON AB L M) 23 
May 1996 

see page 41, line 15 - page 44, line 24 

US 5 327 144 A (STILP LOUIS A ET AL) 5 
July 1994 

see column 5, line 56 - column 6, line 21 
see column 8. line 23 - column 9; claims 
1,12,13,22,23.25 

WO 94 01978 A (RIMER NEIL ALEXANDER 
;GUTIERREZ PETER (GB) ; FIORENTINO MARCO 
ALBER) 20 January 1994 
see page 13, line 7 - page 18, line 34 

-/" 



1-25. 

13-25 
1-12 
13-25 
1-12 



1,9-11, 
13 



[D 



Further documents are listed in the continuation of box C. 



Patent family members are listed in annex. 



* Special categories of cited documents : 

*A' document defining the general state of the art which is not 

considered to be of particular relevance 
*E' earlier document but published on or after the intemational 

filing date 

*L' document which may throw doubts on priorttv doim(8) or 
whtoh is cited to establish the publication date of another 
citation or other special reason (as specified) 

*0* document referring to on oral disclosure, use, exhbition or 
other means 

*P* document published prior to the international tiling date but 
later than the priority date olaimed 



T* later document published after the intemational filing date 
or priority date and not in conflict with the application but 
cited to underetand the principle or theor/ underlying the 
invention 

•X" document ot particular relevance; the claimed invention 
cannot be considered novel or cannot be considerBd to 
involve an irwentivo step when the document is taken alone 

•Y* document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a pereon skHIed 
in the art. 

*&■ document member ot the same patent family 



Date of the actual completion of the intemational search 



17 February 1998 



Date of mailing of the international search report 

13/03/98 



Name and mailing address of the ISA 

European Patent Office, P. B. 58 IB Patentlaan 2 
ML - 22aO HV Rijswijk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 



Authorized officer 



Janyszek, J-M 



Foim PCT/lSA«IO (second sheet) (July (992) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



Interi nat Application No 

PCT/US 97/11656 



C.(Continuatlon) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ' Citation of documont, with indicatipn.where appropriate, of the retovant paaaagea 



Relevant to otaim No. 



A 

P.X 



US 5 208 756 A (SONG HAN L) 4 May 1993 
see abstract 

see column 3, line 12 - column 5, line 34 

EP 0 689 368 A (PIT GENERALDl REKTION) 27 
December 1995 

see column 6» line 347 - column 40 

WO 94 29995 A (MOTOROLA INC) 22 December 
1994 

see page 3» line 9 - page 5. line 11 
see page 9, line 3 - page 10, line 31 
see page 19. line 6 - page 20, line 20 

WO 96 19908 A (MOTOROLA INC) 27 June 1996 
see page 6, line 32 - page 7, line 4 

WO 96 25830 A (EUROPOLITAN AB ;EKSTROEM 

TOMMY (SE)) 22 August 1996 

see page 9, 1 ine 3 - page 16, line 6 

WO 97 24010 A (BELL COMMUNICATIONS RES) 3 
July 1997 

see page 6, line 10 - page 8. line 17 
see page 15. line 14 - page 16, line 4 
see page 20. line 8 - line 22 



1,7. 
13-24 



5,8.9 



26 



26 

7-25 
1-25 



Farm PCT/ISA/210 (cantmuation ol ftecond sheet) (July 1992) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 



lntb.itational application No. 

PCT/US 97/ 11656 



Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 



This International Search Report has not been established in respect of certain claims under Article 17(2)(a) (or the toDowing reasons: 
1 I ^1 Claims Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 



2 I j Claims Nos,: 

because they relate lo parts ol the International Application that do not comply with the prescribed requirements to such 
an eitent that no meaningful International Search can be earned out, specifically: 



3 j I CatTis No3.: 

Decause ihey are dependent claims and are not drafted in accordance with the second and third sentences ol Rule 6.4(a). 



Box M Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 



This tntomaiional Searching Authority found multiple inventions in this international-application, as follows: 

1. claims 1-25: 

Method for routing position information on .a target mobile subscriber roaming 
through a mobile network to and from a requesting second subscriber 

2. claims 26-36: 

Method for emergency call processing for a roaming mobile subscriber 

1 I X I As all reouired additional search tees were timely paid by the applicant, this International Search Report covers all 
1 ' searcnabic claims. 

2. } I As all seorchattle claims could be searched without effort justifying an additional fee, this Authority did not invite payment 
ol any additional lee 



3. I j As only some ol the required additional search lees were timely paid by the applicant, this International Search Report 
< ' covers only those claims tor which lees were paid, speolically claims Nos.: 



4. I I No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is 
restncted to the invention hrst mentioned in the claims; it is covered by claims Nos.; 



Remarfc on Protest [ [ The additional search lees were accompanied by the applicant's protest. 

[ I No protest accompanied the payment of additional search lees. 



Form PCT/tSA/21 0 (contmuation ol lirst sheet {1 )) (July 1 992) 



INTERNATIONAL SEARCH REPORT 

information on patent lamily members 



Intet -mai Application No 

PCT/US 97/11656 



Patent document 
cited in searcti report 


Publication 
date 


Patent family 
member(s) 


Publication 
date 


DE 4321418 A 


05-01-95 


AU 


7185994 


A 


17-01-95 






WO 


9501066 


A 


05-01-95 






EP 


0705524 


A 


10-04-96 






FI 


956181 


A 


21-12-95 






NO 


955264 


A 


22-12-95 



WO 9615643 A 23-05-96 AU 3942395 A 06-G6-96 

CA 2204992 A 23-05-96 
SE 9701723 A 08-07-97 



AU 


677292 


B 


17 


-04 


-97 


AU 


6094094 


A 


12 


-12 


-94 


AU 


6820694 


A 


12 


-12 


-94 


BR 


9406463 


A 


30 


-01 


-96 


CA 


2161333 


A 


24 


-11 


-94 


EP 


0700525 


A 


13 


-03 


-96 


JP 


8508381 


T 


03 


-09 


-96 


WO 


9427160 


A 


24 


-11 


-94 


WO 


9427161 


A 


24 


-11 


-94 


us 


5608410 


A 


04 


-03 


-97 


ZA 


9401019 


A 


25 


-08 


-94 



WO 


9401978 


A 




20-01-94 


US 
EP 


5432841 
0603390 


A 
A 


11-07-95 
29-06-94 


US 


5208756 


A 




04-05-93 


AU 
WO 


1343692 
9213284 


A 
A 


27-08-92 
06-08-92 



EP 0689368 A 



27-12-95 



AT 


153206 


T 


15 


-05 


-97 


AU 


2174595 


A 


04 


-01 


-96 


BR 


9508091 


A 


12 


-08 


-97 


CA 


2152215 


A 


21 


-12 


-95 


WO 


9535635 


A 


28 


-12 


-95 


CN 


1128476 


A 


07 


-08 


-96 


CZ 


9603513 


A 


14 


-05 


-97 


DE 


59402759 


D 


19 


-06 


-97 


FI 


965078 


A 


17 


-12 


-96 


HU 


76397 


A 


28 


-08 


-97 


JP 


8265843 


A 


11 


-10 


-96 


NO 


965315 


A 


18 


-02 


-97 



Foim PCT/ISA/2tO (palenl lamily onnax) (July 1992) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



Intel anal Application No 

PCT/US 97/11656 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Pubiicatton 
date 



EP 0689368 A 



PL 
SG 
SI 
5K 
ZA 



317643 A 
34235 A 
9520064 A 

161396 A 
9505091 A 



14-04-97 
06-12-96 
30-04-97 
05-11-97 
10-04-96 



WO 9429995 A 



22-12-94 



AU 666279 B 

AU 7095594 A 

CA 2139514 A 

MX 9404431 A 



01-02-96 
03-01-95 
22-12-94 
31-01-95 



WO 9619908 A 



27-06-96 



US 
AU 
EP 
FI 
G8 
NO 



5602901 
3895995 
0799555 

972614 
2309617 

972758 



11-02-97 
10-07-96 
08-10-97 
18-06-97 
30-07-97 
16-06-97 



WO 


9625830 A 


22-08-96 


AU 


4737396 


A 


04-09-96 . 




CA 


2210723 


A 


22-08-96 








EP 


0809918 


A 


03-12-97 








FI 


973342 


A 


14-08-97 








NO 


973748 


A 


14-08-97 








SE 


9500569 


A . 


17-08-96 








SE 


9502976 


A 


17-08-96 


W0 


9724010 A 


03-07-97 


AU 


5252896 


A 


17-07-97 



Foim PCT/tSA/210 (patent lamily anne*) (July 1992) 



page 2 of 2 



a. 




